This study aimed to evaluate the efficacy and safety of linagliptin (a novel dipeptidyl peptidase (DPP)-4 inhibitor) on glucose metabolism and b-cell function in Chinese patients with newly-diagnosed, drug-naïve type 2 diabetes mellitus (T2DM).
Background
Diabetes imposes a high burden on modern society, and type 2 diabetes mellitus (T2DM) accounts for 90% of all cases [1] . T2DM affects about 380 million people worldwide [1] , including about 100 million individuals in China, where the prevalence in people >20 years old is estimated to be up to 9.7% [2] . Many patients with T2DM remain inadequately managed, which results in progressively declining glycemic control [3] .
Oral antidiabetic drugs (OADs) present multiple drawbacks such as treatment-limiting adverse effects, including hypoglycemia, gastrointestinal (GI) disorders, edema, and weight gain [4] . In addition, sulfonylureas may also lead to declined estimated glomerular filtration rate (eGFR), end-stage renal disease (ESRD), or even death [5] .
Dipeptidyl peptidase-4 (DPP-4) inhibitors are the most recently developed OADs, with a unique mechanism of action that increases endogenous glucagon-like peptide (GLP)-1 levels, thereby promoting glucose-dependent insulin secretion via pancreatic b-cells, reducing glucagon secretion via a-cells, suppressing appetite, and delaying gastric emptying [6] .
Linagliptin is a new DPP-4 inhibitor that is primarily excreted via the bile, improving its renal safety [7] . Several large studies from Asia and other continents have demonstrated clinically meaningful improvements in glycemic control, enhanced b-cell function, and a good safety profile of linagliptin 5 mg alone or in combination with other OADs [8] [9] [10] [11] [12] . In a Chinese study, when combined with sulfonylureas and metformin, placebo-corrected changes in HbA1c induced by linagliptin were -0.7±0.14%, and changes in fasting plasma glucose (FPG) reached -1.0 mmol/L [13] . When combined with metformin in Chinese patients, placebo-corrected changes in HbA1c induced by linagliptin were -0.52±0.09% [12] . In Chinese patients with T2DM, high postprandial plasma glucose (PPG) levels are frequent because the traditional Chinese diet is rich in carbohydrates (rice and flour) [14] . Metformin mainly decreases FPG, while DPP-4 mainly inhibits PPG [15] . Therefore, DPP-4 inhibitors could be more efficient in Chinese patients consuming a traditional Chinese diet.
However, there is a lack of data about linagliptin monotherapy in Chinese patients with newly diagnosed T2DM. Therefore, this randomized, double-blind, parallel-group trial was carried out to examine the efficacy and safety of linagliptin as initial therapy in treatment-naïve Chinese patients with newly-diagnosed T2DM.
Material and Methods

Study design
This randomized, placebo-controlled, double-blind study was carried out in accordance with the International Conference on Harmonization Guideline for Good Clinical Practice, the Declaration of Helsinki, and relevant Chinese laws/regulations. The trial was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University and all patients provided written informed consent before participation. This study was carried out at the First Affiliated Hospital of Wenzhou Medical University (China).
Patients
Fifty-seven individuals diagnosed with T2DM at the outpatient department were enrolled in this trial from September 2013 to January 2014. All patients were treatment-naïve before enrollment except for diet and physical exercise therapy. T2DM was diagnosed according to the WHO T2DM diagnostic criteria: FPG £13.3 mmol/L, baseline HbA1c 7.0-10.0%, body mass index (BMI) of 20-35 kg/m 2 , and age 18-80 years. Patients with type 1 diabetes, secondary diabetes, acute complications of diabetes, myocardial infarction, stroke, unstable angina, and coronary artery bypass graft (CABG) in the past 6 months were excluded from the trial. Patients with congestive heart failure (CHF), impaired hepatic function (serum alanine aminotransferase, aspartate aminotransferase or alkaline phosphatase level exceeding twice the upper limit of normal), thyroid disorders, chronic intestinal tract disorders, and a history of acute pancreatitis or pancreatic tumor were also excluded from the study, as well as fertile women not using contraceptives.
Design and methods
All patients received health education before run-in. Patients were randomized to linagliptin (n=34) or placebo (n=23) after a 2-week placebo run-in period using a computer-generated random sequence and sealed envelopes prepared in advance. The assigned medication number was entered in the case report form, and the corresponding medication kit was given to the patient. The kits were prepared by the pharmacists, who had no contact with the patients. Using this procedure, both the participants and investigators were blinded to treatment allocation. The patients took 1 tablet per day, either linagliptin (Boehringer Ingelheim, Germany) or linagliptin-matching placebo. The placebo tablets were identical in appearance to the linagliptin 5 mg tablet. In the event of a medical emergency requiring the identification of an individual patient's treatment, investigators were able to have access to the information. The efficacy and tolerability of the treatment were assessed at 6, 12, 18, and 24 weeks.
Physical examination was performed on all patients by medical professionals at each follow-up. Vitals, height, weight, waist circumference, and hip circumference were recorded at each visit. HbA1c and FPG levels were assessed at each visit. At 0, 12, and 24 weeks, tests evaluating liver and kidney functions, blood lipid profiles, uric acid, urine, and blood amylase were performed. At 0 and 24 weeks, electrocardiogram (ECG), 2-h PPG (2h-PPG) levels, fasting insulin levels, and proinsulin were assessed. In addition, we evaluated the plasma proinsulin/insulin ratios, the homeostasis model assessment indices for insulin resistance (HOMA-IR), and homeostasis model assessment indices for beta-cell function (HOMA-b).
All test results were provided by the Clinical Laboratory Center of the First Affiliated Hospital of Wenzhou Medical University. Patients were also invited to disclose any discomfort they may have been suffering from. Thereafter, based on the physical examinations, laboratory tests, and patients' discomforts, AEs were defined and categorized.
All medication bottles were returned to assess patient medication compliance: medication compliance%=(dispensed medication-returned medication)/ dispensed medication ×100.
Study endpoints
The primary endpoint was the change from baseline in HbA1c levels with linagliptin vs. placebo treatments at week 24. Secondary endpoints included changes from baseline FPG and 2h-PPG values. Exploratory endpoints included changes in fasting plasma proinsulin/insulin ratio, HOMA-IR, HOMA-b, body weight, blood pressure, plasma lipid levels, plasma creatinine and aminotransferase amounts, and amylase levels. Safety and tolerability were assessed by the incidence of adverse events (AEs) throughout the study period, and clinically relevant changes or findings in physical, vitals, ECG, and laboratory assessments. Hypoglycemia was defined according to American Diabetes Association guidelines [17] .
Statistical analyses
A sample size of 50 randomized patients was planned (25 subjects in each group), assuming a 15% drop-out rate. This would provide 80% power to detect a mean difference of 0.7% [standard deviation (SD) of 0.8%] in the change from baseline in HbA1c levels between the linagliptin and placebo groups at week 24, at a 2-sided significance level of 0.05.
Data are presented as mean ±SD. Analysis of covariance (ANCOVA) was used to assess the differences between the 2 groups. The c 2 test was used to assess the difference in clinical adverse events. Data analysis was carried out using SPSS 19.0 (IBM, Armonk, NY, USA). P values <0.05 were considered significant.
Results
Characteristics of the patients
A total of 98 patients were screened; 73 entered the placebo run-in period and 57 were randomized to study treatment (linagliptin 5 mg, n=34; placebo, n=23). Thirty-three patients completed treatment in the linagliptin group and 22 in the placebo group. One patient discontinued treatment with linagliptin for incidental pregnancy, and 1 withdrew for lack of efficacy in the placebo group (Figure 1) . Table 1 presents the demographic and baseline characteristics of the patients. There was no difference in any of the variables between the 2 groups. difference in the other variables such as body weight, lipid profile, blood pressure, liver markers, and amylase.
Primary endpoint
Safety
The rates of AEs with linagliptin were comparable to those of placebo after 24 weeks (linagliptin: 30.3%; placebo: 27.3%) ( Table 3) . No serious adverse events (SAEs) occurred during the study. In the linagliptin group, 3 hypoglycemic events occurred in 1 patient, with self-reported capillary blood glucose levels of 3.5 mmol/L, 3.7 mmol/L, and 3.7 mmol/L. The symptoms were relieved after eating. No hypoglycemic events occurred in the placebo group.
The most common type of AE was upper respiratory tract infections (URTI). There were 3 cases of URTI with linagliptin 5 mg and 2 with the placebo, all of which were mild. No significant difference was found in weight or BMI in either group at baseline and after 24 weeks (P>0.05). In addition, there was no difference in abnormal laboratory tests between the 2 groups. No meaningful difference between treatment groups was observed in changes in serum creatinine, alanine aminotransferase, aspartate aminotransferase, blood amylase, triglyceride, total cholesterol, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol levels (all P>0.05). There was no clinically meaningful change in ECG or vitals after linagliptin treatment. No patients discontinued the trial medication due to AEs. Table 1 . Baseline characteristics and parameters between the two study groups.
BMI -body mass index; FPG -fasting plasma glucose; PPG -postprandial plasma glucose; HbA1c -hemoglobin A1c; TC -total cholesterol; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; TG -triglyceride; HOMA-IR -homeostasis model assessment insulin resistance; HOMA-b -homeostasis model assessment b-cell index; SBP -systolic blood pressure; DBP -diastolic blood pressure; AST -aspartate aminotransferase; ALT -alanine aminotransferase, sCr -serum creatine. BMI -body mass index; FPG -fasting plasma glucose; PPG -postprandial plasma glucose; HbA1c -hemoglobin A1c; TC -total cholesterol; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; TG -triglyceride, HOMA-IR -homeostasis model assessment insulin resistance; HOMA-b -homeostasis model assessment b-cell index; SBP -systolic blood pressure; DBP -diastolic blood pressure; AST -aspartate aminotransferase; ALT -alanine aminotransferase; sCr -serum creatine. 
Discussion
In this 24-week study assessing newly-diagnosed T2DM and drug-naïve Chinese patients, linagliptin monotherapy achieved significantly higher reductions in HbA1c levels than placebo, and showed an overall safety profile similar to that of the placebo. The absolute change in HbA1c was more pronounced than that observed in previous linagliptin studies conducted in Chinese and other Asian populations, in which linagliptin was often used in combination [10] [11] [12] [13] . This may be because the subjects included in the present study were all drug-naïve. These results are consistent with other results of DPP-4 inhibitors' effects on HbA1c levels in Asian patients with T2DM inadequately controlled by diet and exercise [18] .
Linagliptin was shown to modulate the fasting proinsulin-toinsulin ratio, indicative of b-cell function. The findings corroborated the increased availability of endogenous GLP-1, as observed with other DPP-4 inhibitors [19, 20] .
Blood pressure was reduced in the linagliptin group, with systolic blood pressure decreasing from 136.60±13.55 mmHg to 129.06±13.09 mmHg, while diastolic pressure ranged from 81.00±5.69 mmHg to 78.42±4.94 mmHg. These differences at 24 weeks were significant compared with baseline (data not shown). However, the reduction in blood pressure was similar between the 2 groups. Reduction in systolic and diastolic pressure was likely caused by persistent control of diet and physical exercise in both groups. In addition, the recruitment was conducted in winter, with most participants last observed in summer, and the change in seasons and climate might have contributed to blood pressure reduction [21] . Increases in GLP-1 decreases salt intake and therefore blood pressure [22, 23] , but the present study was not powered to provide an answer to this issue.
Linagliptin was well tolerated in the present study, with an AE profile similar to that of placebo. Only 1 in 33 patients showed mild hypoglycemia in the linagliptin group. Given the mechanism of action of this agent, linagliptin monotherapy was not associated with an increased risk of hypoglycemia or clinically significant changes in body weight. The common AEs observed in this study were upper respiratory tract infections and GI disorders, consistent with a previous study in Chinese individuals [13] . Pancreatitis is a possible AE with GLP-1 or DPP-4 inhibitor therapy strategies. After 24 weeks of observation, no significant increase in liver and pancreatic enzymes was found, and no patients complained of acute abdominal pain. Therefore, occurrence of pancreatitis is not associated with treatment with linagliptin, in accordance with published reports [24] . However, studies with larger samples are required to correctly assess this issue.
A few limitations of this study need to be addressed. First, the sample size was small, and the age range was wide; this was because we aimed to recruit patients with newly-diagnosed T2DM, and because the prevalence of T2DM in Chinese adults >20 years old is of about 10%. Second, drug-naïve patients with newly-diagnosed T2DM were enrolled, and the results cannot be generalized to individuals who are already being treated. Third, 24 weeks of follow-up does not allow assessment of long-term glycemic control or comprehensive AEs. Finally, this study was carried out in China, and cannot be generalized to the global population. Therefore, linagliptin efficacy on hyperglycemia and prevention of b-cell function deterioration needs to be further investigated in large-scale and long-term studies.
Conclusions
In conclusion, linagliptin 5 mg taken once daily provides superior glycemic control compared with placebo, and has a comparable safety profile in Chinese drug-naïve patients with T2DM. b-cell function improvement makes this molecule a new option for Chinese patients with inadequate control of T2DM and who never received hypoglycemic agents.
